The malPQ operon, one of the three operons of the maltose regulon, is positively controlled by the product of gene malT. The starting point for malPQ transcription was deduced from expenrments which involved a hybridization of in vivo-synthesized malPQ mRNA with adequate DNA probes, followed either by a digestion of nonhybridized DNA (S1 nuclease mapping) or by an extension of the hybridized probe (reverse trnscnrptase mapping). In the wild-type strain, this starting point was 37 nucleotides upstream from the initiation codon for malP. This analysis was also performed on a double mutant which contained both a 13-base pair deletion and a 3-base pair insertion in the promoter region. This double mutant expressed the malPQ operon exactly as the wild-type strain did, in a maltose-inducible manner. In this strain, the starting point for malPQ transcription was shifted 11 nucleotides downstream from the wild-type location. An analysis of these results suggests that (i) the binding site for the malT product is located upstream from the region which is severely altered in the double mutant, i.e., upstream from position -31; and (ii) the 30-base pair sequence which precedes the tmnscription starting point contains very few positions which are essential for promoter activity.
The malPQ operon, one of the three operons of the maltose regulon, is positively controlled by the product of gene malT. The starting point for malPQ transcription was deduced from expenrments which involved a hybridization of in vivo-synthesized malPQ mRNA with adequate DNA probes, followed either by a digestion of nonhybridized DNA (S1 nuclease mapping) or by an extension of the hybridized probe (reverse trnscnrptase mapping). In the wild-type strain, this starting point was 37 nucleotides upstream from the initiation codon for malP. This analysis was also performed on a double mutant which contained both a 13-base pair deletion and a 3-base pair insertion in the promoter region. This double mutant expressed the malPQ operon exactly as the wild-type strain did, in a maltose-inducible manner. In this strain, the starting point for malPQ transcription was shifted 11 nucleotides downstream from the wild-type location. An analysis of these results suggests that (i) the binding site for the malT product is located upstream from the region which is severely altered in the double mutant, i.e., upstream from position -31; and (ii) the 30-base pair sequence which precedes the tmnscription starting point contains very few positions which are essential for promoter activity.
In Escherichia coli, the promoters of constitutively expressed or negatively controlled genes consist of two rather conserved DNA sequences, the Pribnow box or -10 region and the -35 region (13, 18) . Much less is known, however, about the promoters of positively controlled genes, which function only in the presence of specific protein cofactors, called activators. This work reports observations concerning the maltose-inducible malPQ operon, which is positively controlled by the product ofgene malT (9, 16). By using two different techniques (Si nucle4se and reverse transcriptase mapping), the position of the starting point oftranscription for the operon was identified op a 802-base pair (bp) DNA fragment which was previously shown to contain the promoter (8) . In addition, the description of a double mutant which is phenotypically identical to the wild-type strin even though it contains both a deletion and an insertion in the promoter region allows the identification of the DNA sequences which are essential for normal, i.e., maltose-inducible, operon expression.
MATERIA AND METHODS
Bacteril slm a*d culwte asela. All strains were derived from E. coil pop3 (6, 9) , which is F-araDt39
AlacUl69 rpsL reA thiA. Strains pop21S4 and pop21S6 carried dektions AmaLAI4 and AmaW4516, respectively (Fig. 1) . The position of these deletions on the 802-bp DNA fragment which contains the malPQ promoter is shown in Fig. 1 . Strain pop2159 was a Mat revertant isolated from strain pop2156 (this work). All media used in this study have been described by Miller (11) . Ma n of UpI by DNA sequencing. maiPpl is a mutation which restores malPQ expression in a strain which carries deletion AmalAS16 (see below). Its mapping by DNA sequencing involves, as a first step, its transfer onto plasmid pOMI, a derivative of pBR322 which cares most of the malA region (12) . The technique used for this transfer was based on the fact that the tet genes carried by pOMI are controlled by the malPQ promoter. First, a derivative of pOMi carrying the AmaLAO1 deletion ( Fig. 1) was introduced into pop2159, which carries both AmaLASI6 and the suppressor mutation maiPpi. The (8) . Two techniques were used to map on this fragment the starting point for malPQ transcription (Fig. 2) .
The first technique, known as Si mapping, involved the hybridization of mRNA synthesized in vivo with a labeled DNA probe presumed to carry the locus at which transcription starts. Subsequent digestion with S1 nuclease allowed the elimination of that portion of the DNA probe which was located upstream from the transcription starting point and which, therefore, could not hybridize with mRNA. The location of the trnscription starting point could then be deduced from the length of the undigested portion of the DNA probe. The probe was a 287-bp Sau3A-HpaIl fragment, labeled in 5' at its HpaII end (Fig. 2) . S1 nuclease digestion after hybridization with RNA extracted from maltoseinduced wild-type cells left a set of three undigested DNA fragments which differed by one nucleotide in length (Fig. 3, lane 3) . No such fragments were observed when the hybridization was performed with RNA extracted from uninduced wild-type cells or from induced cells which carred deletion AmaIAS14 (see Fig. 1 ).
The lengths of the undigested DNA fragments remaining after S1 treatment were determined by comparison with the fragments obtained by chemical cleavage of the original probe by using the cytosine plus thymine reactions from the sequencing technique of Maxam and Gilbert (10) . However, it is usually considered that a 1.5-bp correction has to be applied in making this comparison (19) (Fig. 3, lane 6) . However, the lower band was probably artifactual and due to the lare amount of RNA loaded on the gel since 'it did not appear when the samples were treated with RNase before loading (Fig. 3, lane 10 (13) , the most likely conclusion is that transcription starts at position 603 (Fig. 4) Mal' revertants were obtained at a frequency of about 10-8, and quite surprisingly, about 20%o of them had regained a maltose-inducible malPQ operon. One of these maltose-inducible revertants, pop2159, was studied further. It expressed the malPQ operon exactly as the wild-type strain did (Table 1) .
The mutation present in strain pop2159 which suppressed the effect of AmalAS16 was presumed to be linked to the malPQ promoter. This was confirmed by demonstrating that it could be cotransferred with 4malAS16 onto plasmid pOMI, which carries this promoter. The mutation was called maiPpi. By DNA sequencing, it was shown to correspond to the duplication in tandem of 3 bp located at positions 600, 601, and 602 on the fragment (Fig. 4) . S1 nuclease and reverse transcriptase mapping experiments performed with RNA extracted from strain pop2159 demonstrated that in this double mutant transcription starts at position 614 on the HpaII fragment, i.e., 11 nucleotides downstream from the wild-type location (Fig. 3, lanes 8 and 12,  and Fig. 4) . DISCUSSION S1 nuclease and reverse transcriptase mapping experiments strongly suggest that in vivo transcription of the malPQ operon starts 37 (Fig. 4) . This would restore the functioning of the promoter.
Whether or not this interpretation is correct, the comparison of the maUPQ promoters in the wild-type strain and in the double mutant indicates that there must be very few critical positions in the 30-nucleotide sequence which precedes the trnscription starting point (Fig. 4) . A similar conclusion has been drawn in the case of constitutive or negatively controlled promoters (20, 21 
